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From system know-how to a 







More than 100 years after the invention of 
the automobile, it seems as if the technol-
ogy of clutch release systems, is a mature 
one, without the necessity of changes. 
However, even in this seemingly evolved 
family of products, the innovation dynamic 
remains high. Current developments aim 
to further increase robustness, replace 
existing materials with polymer materials, 
and integrate sensors in the master cylin-
der.
Master cylinders with integrated sen-
sors have only been used in a few cases 
in the past. The proliferation of systems 
such as start/stop or the electronic park-
ing brake is now leading some car manu-
facturers to consider such sensors in the 
master cylinder as obligatory. The sen-
sors make it possible to measure the trav-
el on the clutch pedal and thus determine 
the driver’s intent.
Materials too are evolving. While for 
decades cast iron or aluminum alloys 
were dominant, in new applications, 
master cylinders, pipes and slave cylin-
ders are almost always made of plastic. 
Initial problems with the use of polymer 
materials, such as master cylinder 
squeaking, high adhesive friction and 
volume expansion, have since been re-
solved. The technologies necessary for 
the use of plastics have been constantly 
refined and are now solid and economi-
cal. Even in double clutch systems, 
which have higher, continuous loads, 
plastic cylinders are gradually becoming 
established. Current developments are 
focused on using plastic in the pedal 
box.
Ultimately, the robustness require-
ments for the components used in clutch 
operation have risen significantly. Even 
just a few years ago, one million cycles 
was the going operating load specifica-
tion for release systems. Now, it is not 
unusual to require two to three million 
cycles – accompanied by increased re-
quirements regarding the ambient condi-
tions of temperature, water and contami-
nant exposure.
Clutch master cylinder
Schaeffler’s LuK brand currently has three 
different types of plastic clutch master cyl-
inders in the product line. The difference in 
the designs is in the seal configuration 
used.
The clutch master cylinder that is used 




P = Primary seal 
S = Secondary seal
Figure 1 Types of clutch master cylinders
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ing piston and two stationary seals (Figure 1, 
top). This configuration allows the prima-
ry seal to build up pressure toward the 
slave cylinder while the secondary seal 
retains the fluid without pressure in the 
reservoir. The advantages of this design 
include the fact that the pistons can be 
manufactured using a duroplastic materi-
al. With this material, the squeaking en-
countered with the usual seals made of 
synthetic ethylene propylene diene mono-
mer (EPDM) rubber is effectively sup-
pressed. The disadvantage to this design 
is that for installation reasons of the seals 
the housing must be made in two pieces 
and thus is comparatively more costly to 
set up. In addition, the entire pressure 
chamber expands radially during opera-
tion, which results in a relatively high vol-
ume expansion.
The second design (Figure 1, center) 
uses a primary seal that moves with the 
piston and a stationary secondary seal 
in the housing. The volume expansion 
during operation is lower due to the 
smaller pressure space when the piston 
is pushed in. The disadvantages of this 
design include the fact that the noise 
problem has not thus far been satisfac-
torily resolved, and that, in addition to 
the installation of the secondary seal, a 
costly, two-piece housing is necessary 
here as well.
In new applications, LuK is therefore 
focusing on a third variation (Figure 1, be-
low), which has a one-piece housing made 
of thermoplastic and uses seals that are 
mounted to the piston. Figure 2 shows an 
example of the technical design of one 
such clutch master cylinder.
Seals made of EPDM are generally 
used, with the primary seal being protect-
ed on the outer diameter against the cylin-
der raceway by a shield made of unrein-
forced polyamide in order to improve 
friction and wear. This type of measure is 
not needed for the secondary seal, which 
is not under pressure during operation. To 
prevent squeaking noises with critical 
brake fluids, seals made of special materi-
als can be used with this master cylinder 
design. 
A well-thought-out test stand system is 
helpful in researching suitable seal and 
raceway material combinations for the 
specific brake fluid. In addition to stan-
dardized noise measurements with com-
plete master cylinders, there is a tribologi-
Primary Secondary
Figure 2 New clutch master cylinder with a one-piece housing and seals mounted to  
the pistons
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cal test stand available for basic trials that 
was developed specifically for this purpose 
(Figure 3). 
Current trials on this Tribometer involve 
mounting and loading a flat specimen made 
of the raceway material with a seal material 
specimen, which is pushed along the flat 
specimen. In the process, the contact 
points can be flooded with brake fluid and 
maintained at a constant temperature. 
Measuring devices allow the friction load 
and frictional vibrations to be recorded. 
Suitable material combinations show two 
clear effects: The gradient of the friction co-
efficient over the piston speed is small and 
there is no detectable frictional vibration. 
Figure 4 shows an example of the contact of 
polyamide with standard ethylene propyl-
ene diene monomer rubber (EPDM) and liq-
uid silicon rubber (LSR).
In all of the trials conducted thus far, 
LSR has proven itself superior with regard 
to friction gradient, friction level and friction 
vibration behavior. There are, however, a 
few brake fluids on the market, particularly 
in Asia, that are not compatible with LSR. 
The goal for future development is to avoid 
this limitation. 
Advantages of the new cylinder design 
with moving seals include its low volume 
expansion. This is due to the design, since 
the highest pressure occurs with the pis-
ton nearly pushed in, when the “breath-
ing” cylinder surface is comparatively 
small. Due to the one-piece housing, stat-
ic burst pressures of more than 200 bar 







































Figure 3 Tribological test stand for basic trials on seal friction and noise excitation
Figure 4 Friction load gradient for an EPDM 
and an LSR specimen against a 
raceway made of polyamide PA 66 
with fiberglass fill
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The cylinder can be equipped with addi-
tional attachments if desired, such as a 
premounted bleeding pipe, which is most 
cost-effective designed as a plastic con-
voluted tube. In contrast to the seal cus-
tomarily used thus far for this type of 
convoluted tube, which has to be greased 
to attain acceptable mounting forces, a 
new type of self-locking seal is used. The 
seals have locking hooks on the adjacent 
side, which engage into a groove of the 
convoluted tube during mounting (Figure 6). 
Additional lubrication is not required. 
The associated problem of contamina-
Pedal travel 












































Figure 5 Volume expansion of the new master cylinder
Figure 6 Ergonomically configured connec-
tion between bleeding hose and fir 
tree connection
tion is thus eliminated. The mounting 
forces are 40 N, maximum. The haptic 
indication of a successful mounting is a 
noticeable drop in the sliding force. Nor-
mal fill pressures during vehicle assem-
bly of up to 10 bar are endured without 
issue. 
Integrated sensor system
There is currently an increased demand 
for master cylinders with travel and/or po-
sition sensor systems. The travel sensors 
continuously measure the piston travel 
and thus replace the potentiometer on the 
pedal axle, whereas the position sensors 
generate a digital signal when passing 
through defined piston positions and thus 
take over the pedal switch function. Both 
measuring tasks can take place in one 
space-saving sensor on the clutch master 
cylinder. In addition, travel measurement 
on the clutch master cylinder is less de-
pendent on tolerances and thus more ac-
curate. The sensors used in the clutch 
master cylinder work exclusively without 
contact and thus cause no noise or wear. 
In the meantime, in addition to the familiar 
Hall sensors, magnet-free inductive sen-
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sors integrated into the housing are now 
also available in volume production, as the 
example in Figure 7 shows.
The reason for the increased demand 
for sensor information from the clutch 
pedal is the need to make travel and po-
sition information available to the engine 
controller or the control units for start/
stop or the electronic parking brake, 
which allow conclusions to be drawn re-
garding the engagement status of the 
clutch as well as the driver’s intention. 
Common functions today are shown in 
Figure 8.
Additional signal ultilization is conceiv-
able, but are is not yet used on a large 
scale. Examples include detecting operat-
ing errors such as insufficient load release 
of the pedal when driving, too frequent 
slipping of the clutch or resetting a calcu-
lation model for wear predictions. 
Hall switches, integrated Hall ICs for 
travel measurement as well as magnet-free 
inductive sensors are used in volume pro-
duction. The use of intelligent sensors 
makes it possible to compensate for the 
tolerances related to production and 
mounting with a calibration after mounting 
on the clutch master cylinder. They also 
Figure 7 Master cylinder with integrated inductive travel and position 
sensor
Figure 8 Use of the sensor signal on the 
clutch master cylinder in the vehicle
have a certain diag-
nostic capability. 
Cable breaks, short 
circuits and internal 
sensor errors can 
be detected in this 
way and communi-
cated to the con-
troller.
The require-
ments for the func-
tional safety of elec-
tronic components 
in vehicles accord-
ing to ISO 26262 
are met with design 
up to level “ASIL C”. 
This is dependent, 
however, on the specific safety goals of the 
sensor-related vehicle functions, which 
must be specified by the automobile man-
ufacturer. Usually multiple pieces of avail-
Early detection of driver 
intention when disengaging 
at engine start
Preventing engine start for 
unseparated clutch
Automatic release of the 
electronic parking brake
Turn-off of speed controller 
for clutch operation
Controlled start up on hill
Comfort increase from engine 
engagement (speed increase)
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able sensor information are accessed in 
order to reach the safety goals at a vehicle 
level. This reduces the requirements on in-
dividual sensors.
One important advantage of the Hall 
sensors is their short axial installation 
length, which can be further reduced in 
the future. Thus, Hall array sensors use 
two Hall cells connected one behind the 
other and signal processing via a micro-
controller. Highly integrated chips use 
multiple Hall elements, which make it 
possible to measure the magnetic field in 
multiple dimensions and derive travel in-
formation. In miniaturized form, these 
sensors no longer have boards, but rath-
er are all mounted directly on the lead 
frame together with the necessary cir-
cuit. The price of the advantage of a 
small installation space is that additional 
circuits or custom solutions are not pos-
sible.
Development goals include reducing the 
mass of the magnets and minimizing the 
proportion of rare earths. While cylindrical 
magnets were used originally, LuK is in-
creasingly switching to segment magnets 
and using an anti-rotation device for the pis-
tons. In the Hall switch-point sensor, the 
magnet has now been reduced to a small 
cube.
Despite these advances, efforts are 
being made in newer solutions to com-
pletely eliminate the use of magnets in or-
der to circumvent the price volatility for 
rare earths. One initial result of these ef-
forts is a contact-free inductive travel sen-
sor that uses a small aluminum ring as the 
measuring element. Higher precision can 
be achieved with this type of system than 
with a Hall sensor, and additional switch 
points can be derived from the signal of 
the integrated controller or from an addi-



















Figure 9 Sensors used in the clutch master cylinder
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The only disadvantage to the inductive 
solution is the comparatively large instal-
lation length. The length of the coil sys-
tem, depending on the design, can be up 
to 135% of the measured travel. This pos-
es no problem for most applications. Nev-
ertheless, LuK is working on shorter in-
stallation solutions, but they are not yet 
production-ready.
Highly integrated sensors emit a trav-
el signal as well as position signals and 
provide this information to different con-
trollers. Since the signal interfaces and 
the expected voltage levels are not uni-
form, and the on-board electrical system 
is the only available power supply, the full 
potential of an intelligent sensor solution 
cannot be completely realized at this 
time.
Since, in contrast to the linear travel sig-
nals, the position signals are not available 
from active diagnostic functions, safety 
goals according to ISO 26262 are often 
not completely met at vehicle levels with 
position points derived from the linear 
travel signal. For applications with high 
safety requirements, LuK therefore rec-
ommends using a travel sensor with two 
independent travel signals, which are pro-
cessed by the respective controllers and 
which can be compared as needed for 
increased safety. A stabilized 5 V power 
supply is provided in this case by a con-
troller and the sensor signals are prefera-
bly provided as pulse-width modulation 
(PWM) or as digital signals (for example 
SENT). One advantage of this solution is 



















Linear signal Power supply ECM:  Engine control unit EPB: electronic 
         parking brakePosition Vehicle CAN BCM:  Chassis control unit
Figure 10 Master cylinder signal processing in the vehicle; left: commonly used today; right: future 
concept
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vehicle functions is derived directly from 
the linear signal and can be transmitted 
via CAN bus to the respective controllers. 
The first manufacturers are already plan-
ning to use this concept.
The travel measurement via integrat-
ed sensor system can also be used for 
clutch-by-wire applications. To this end, 
a broad spectrum of more or less com-
plex solution suggestions are being dis-
cussed. LuK favors a solution in which 
only the conventional master cylinder in 
the pedal box is replaced by an element 
with similar installation space. This could 
consist of a housing with a piston rod 
and interior spring assembly. A spring 
with a linear characteristic curve is 
eclipsed by the spring and hysteresis ef-
fect of a clamping element and ensures 
the usual plateau of the clutch operation. 
The sensor is on the outside of the hous-
ing in this design, the same as with the 
conventional master cylinder.
Clutch pipes and  
installation elements
Pipes have the task of transferring the hy-
draulic pressure safely and with as little 
friction and volume loss as possible. In 
addition, pipes are supposed to prevent 
engine vibrations propagating as far as 
the pedal box. Installation elements such 
as dampers and anti-vibration units are 
used for this.
Pipes are currently made of steel/rub-
ber or polyamide (PA 12 and PA 612) ma-
terials. Currently, pipes made of plastic 
are becoming increasingly common be-
cause of their low costs [1]. LuK now uses 
PA 610 for almost all pipes. This plastic is 
more than 60 % based on plant raw mate-
rials. The global availability of prematerials 
























Figure 11 Compact pedal load emulator with sensor for clutch-by-wire systems
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mechanical properties are almost the 
same as for PA 612 and the chemical 
compatibility is better.
Plastic pipes in vibration-critical ap-
plications (diesel engines and engines 
with few cylinders) mostly require the use 
of a filter to counter pedal vibration and 
interior noises. This filter traditionally op-
erates like a soft added volume in the 
pipe. However, this regularly caused a 
conflict between good filter effect and 
low-loss direct operation.
Due to the complexity of this conflict 
of interest, an optimal solution was very 
hard to come by in testing. Therefore, 
specialized simulation tools had to be 
used. In general, it is sufficient to calcu-
late the transmission behavior of the pipe 
within the frequency range. For this pur-
pose, LuK has the PipeSim program, 
which calculates the flow and vibration 
behavior in the pipe based on the numer-
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Figure 12 High Pressure Pipes made of PA 610 
for clutch operation
Figure 13 Simulation of the transmission behavior of clutch pipes and built-in  
vibration dampers
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PipeSim helped in carefully studying the vi-
bration transmission up to the master cylin-
der and identifying the best corrective mea-
sures. This generally involves a vibration 
damper with appropriate tuning, an anti-vi-
bration unit or a combination of the two at 
an optimal point along the pipe. The simula-
tion also allows for early determination of 
the pipe routing, which is available even be-
fore test vehicles.
The following example shows the pro-
cedure and the advantages of the simula-
tion: The pipe is first divided into multiple 
segments based on its mechanical de-
sign. An excitation is then specified as a 
frequency curve via the slave cylinder. 
Based on the transmission behavior of the 
line, this generates a corresponding pres-
sure vibration in the master cylinder. The 
diagram of the results is shown in Figure 14 
on the left; the black line shows the curve 
for a steel/rubber pipe and the red line 
shows a typical PA pipe: The steel/rub-
ber variant exhibits a resonance of the 
incoming vibrations at approx. 150 Hz. 
Problems with pedal vibration can be ex-
pected there. The pressure curve over the 
frequency for the plastic pipe is largely 
lower, but there are also several potential 
resonances. In the example shown, only 
the resonances at approx. 250 Hz showed 
as unpleasant in the vehicle. This can be 
countered by installing a vibration damp-
er, whose optimal placement can be cal-
culated using PipeSim.
The technology for the damper and 
anti-vibration unit could be improved con-
siderably, to a certain extent as a side ef-
fect of the simulation technology: These 
elements can be adjusted perfectly and 
individually to the respective application. 
They only show a minimal volume expan-
sion which does not disrupt the pedal 
characteristic curve and are available as 
modules. The anti-vibration unit (AVU) in 
Figure 15 left is, from a hydraulic perspec-
tive, a type of mutual automatic shut-off 
valve when the pedal is depressed, or a 
restrictor in case of light flow. It is used to 
counter low-frequency pedal vibrations up 
to approx. 150 Hz, which can be felt by the 
foot as vibration. The vibration damper in 
Figure 15, center, was based on a Helm-
holtz damper in the gas dynamic. This in-
volves a resilient capacity with a defined 
restriction as a cross connection to the 
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Figure 14 Example of a variation calculation using PipeSim
106
pressure pipe. The effect is used more in 
the high frequency range and serves to 
counter interior noises. The volume expan-
sion of the connected capacity as well as 
the length and the diameter of the restrictor 
determine the damper frequency and the 
bandwidth. The goal is to keep the volume 
expansion as low as possible in order to 
minimize release travel losses. Thus the 
damper is adjusted specifically for each 
application. A combination of anti-vibration 
unit and damper is shown in Figure 15, 
right. There, the damper is tuned so that 
the resonance, at approx. 550 Hz from Fig-
ure 15, left, is corrected.  Thus far, this ap-
proach has been successful in practically 
all cases, even difficult problems, by using 
a combination of plastic pipe and corre-
sponding filter. This is an argument for fur-
ther substitution of steel/rubber pipe with 
cost effective plastic solutions.
In addition to the vibration dampers, the 
installation of other elements is possible 
in the pipes. Examples include ventilation 
aids for long and non-continuously 
sloped pipe such as are needed for rear-
wheel drives. For these types of installa-
tion situations, a double pipe and two 
supply reservoirs have often been used 
thus far. Ventilation assistance makes 
this double design superfluous. The 
small hydraulic stage allows air bubbles 
to move only toward the master cylinder 
even if the line is partially tilted away from 
it. The air thus collects at the highest 
point of the ventilation aid, is mostly 
transported toward the master cylinder 
during engagement and can be dis-











































































With anti-vibration unit 
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Figure 15 Anti-vibration unit and modular system of vibration dampers
1076Clutch Release Systems
Slave cylinder –  
plastic prevails
Prior years show a clear trend worldwide 
toward concentric slave cylinders (CSC) 
and toward housings made of tempera-
ture-resistant plastic for practically all pas-
senger cars and light utility vehicles. The 
advantages of CSCs include its compact 
design, uniform bearing load and reason-
able price in comparison to all of the other 
systems. Technical further developments 
allow for a continuous increase in reliability. 
Core topics in the development are protec-
tion of the hydraulic system and the bear-
ing from contamination, extended service 
life of the central seal up to three million 
cycles and constantly low friction. Almost 
100 % of all new CSCs for manual trans-
missions are now built with plastic hous-












SC: Slave cylinder 
Direction of flow 
Air bubbles 
Figure 16 Ventilation aid for clutch that slope 
downward to the master cylinder
Figure 17 Travel adjusted clutch (TAC) and cover-mounted release system (CMR) with smaller cover 
bearing on the end of the guide sleeve [2]
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The cover-mounted release system (CMR) 
presented earlier is now running in initial ap-
plications including in volume production 
and presents comfortable driving behavior 
with regard to pedal vibrations, slip and jud-
der. Further developments of the CMR fo-
cus on reducing the size of the cover bear-
ing and a combination with the new clutch 
with travel-controlled wear adjustment 
(Travel Adjusted Clutch, TAC ). The small-
er cover bearing should save money and 
space. The CMR with TAC is configured 
such that a conventional release cylinder or 
a CMR can be used with the same cover 
tool. This provides the customer maximum 
flexibility for volume production.
The proven technology for the manual 
transmission is, to some extent, now being 
transferred to the double clutch transmis-
sion with hydraulic actuation and expanded 
upon. Thus, CSCs for double clutch trans-
missions now use the reinforced seal, per-
manent lubrication to reduce friction and 
the CMR technology. Additional enhance-
ments include:
 – Piston with universal joint for parallel 
lift-off of the clutch,
 – Drag torque secured to the housing 
via springs instead of a pre-load 
spring
 – Dimensioning of the engagement bear-
ing for constant high loads.
Pedal boxes – wallflowers 
with great potential
Pedal boxes for the clutch operation are 
increasingly being used separately from 
the brake and driving pedal. This topic 
would therefore also be of interest to a 
clutch system manufacturer. Current ac-
tivities at LuK involving pedal boxes in-
clude a design simplified by integrating 
the sensor system, lightweight construc-
tion by a direct use of plastic with an inte-
grated master cylinder and, last but not 
least, the most ergonomic pedal charac-
teristic curve possible. 
The pedal box structure is simplified 
considerably by the possibility of integrating 
the sensor system in the master cylinder. 
Thus far, three switches and a potentiome-
ter with corresponding retainer, stops and 
cables have been used in an extreme case. 
When using a sensor in the master cylinder, 
these components can be completely omit-
ted except for one cable. The measurement 
precision of the system is increased at the 
same time. 
Figure 18 Cover-mounted release system for 
double clutch
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From a material technology perspective, it is 
conceivable to manufacture the above new 
type of master cylinder as one part with the 
pedal box housing using plastic injection 
molding. This reduces the assembly ex-
pense and increases the stiffness by elimi-
nating the joints. Even the pedal would be 
manufactured from plastic for this type of 
solution. In the example shown, there are 
two possible joint points between the pedal 
and pedal box. As a 
result, two different 
ratios can be used 
in the same struc-
ture. The spring is 
configured as a cy-
lindrical coil spring 
and mounted in the 
middle, covered by 
the housing. The 
sensor is mounted 
on the side of the 
master cylinder or 
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Figure 19 Simplified design of the pedal box by integrating the sensor system in the master cylinder
Figure 20 Pedal box for clutch operation made of plastic with integrated 
master cylinder and sensor
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the goal of reducing tolerance-based 
load fluctuations in conventional systems 
in new condition. The idea behind this is 
to create a brand-specific pedal feeling. 
Since this is not sufficiently feasible due 
to tolerance limitations, LuK is posed 
with the task of studying an adjustment 
mechanism in the pedal box. Two adjust-
ment mechanisms were considered for 
this: An adjustment of the pedal ratio as 
well as a preload of the over-center 
spring (OCS).
Finally, the idea to make changes to 
the pedal transmission was proposed be-
cause this also changes the travels on the 
pedal or on the release bearing. The ad-
justment of the preload of the OCS offers 
an elegant option for influencing the load 
level. This makes a manual or automatic 
adjustment equally conceivable. The 
manual adjustment could, for example, be 
made by a simple setting screw on the 
pedal and a measurement of the pedal ef-
fort in the vehicle could be taken. Since 
this type of step is not provided for in the 
vehicle assembly lines, LuK is focusing on 
the automatic setting. For this, the base 
point of the OCS is acted upon via a small 
hydraulic cylinder with the pressure from 
the release system. In new condition, the 
OCS is unloaded, and thus compensates 
very little. With maximum pedal effort or 
increasing pressure in the system, the 
spring is preloaded further until a balance 
is reached between spring load and pres-
sure. A mechanism for engaging prevents 
the tension piston from resetting.
In this way, the complete form of the 
characteristic curve is not adjusted to a 
set curve, although the height of the 
maximum load is. The form of the auto-
matic adjustment shown has the side ef-
fect that force increases in the operation 
can be prevented in part. In this way, 
wear adjustment is also achieved within a 
certain range. If a clutch repair is need-
ed, the stop mechanism is triggered and 
the automatic adjustment starts over. 
Details on this mechanism are currently 
being developed; the target application is 






Figure 21 Pedal box with self-adjusting OCS for pedal effort limitation
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Summary
There are numerous starting points for 
innovation in what appears to be the ma-
ture field of release systems. New sen-
sors and pedal boxes with integrated 
master cylinder made of plastic promise 
numerous advantages for future volume-
produced vehicles. In addition to an in-
crease in functionality for customers, 
there is also a benefit from the lightweight 
design and savings in fuel consumption.
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